Abstract To identify which MCH services delivered by local health departments (LHD) appear associated with reducing differences in Black-White mortality. We used a time-trend design to investigate relationships between change in MCH activities provided by LHDs in 1993LHDs in and in 2005LHDs in and changes in 1993LHDs in -2005 Black-White mortality disparities. Secondary data were analyzed for 558 US counties and multi-county districts. Independent variables included the six MCH services provided by LHDs and captured in the 1993 and 2005 NACCHO Profile of Local Public Health Departments surveys. MCH service variables represented change in each service from 1993 to 2005. Control variables included selected LHD characteristics and county-level socioeconomic, demographic, and health provider resource data. Absolute change in Black and White mortality rates and changes in the mortality disparity ''gap'' between these rates in 1993 and 2005 were examined as dependent variables. Among the MCH services examined, prenatal care had a significant beneficial relationship with Black all-age mortality change and with reducing the mortality ''gap.'' Family planning services had a beneficial relationship with reducing the mortality ''gap'' for females in the jurisdictions in the study sample. WIC services indicated the most consistently beneficial relationship with both Black mortality and White mortality change, but these changes did not influence the mortality ''gap'' during the study period. LHD delivery of family planning and prenatal care by LHDs appears related to reductions in Black-White mortality disparities. Implications of this study suggest the importance of certain MCH services for reducing Black-White mortality disparities.
Background
The publication of Healthy People 2000 in 1991 was the first coordinated attempt to focus national attention and specific efforts on addressing the need to equalize health status among racial and ethnic groups in the US [1] . Nonetheless, 20 years later health disparities persist [2] . In terms of mortality disparities, 1993 is considered an unfortunate ''high point in the life expectancy gap'' between African-American and White residents in the US [3] . Overall Black-White disparities in life expectancy have declined since 1993, but this decline is uneven relative to specific age groups [3] , and Black-White disparities in mortality did not improve at all for US infants from 1990 to 2005 [2] .
Research indicates that focused prevention and primary care interventions intended to reach specific vulnerable populations can reduce mortality disparities and improve health outcomes, particularly among women and infants [4] [5] [6] . Health promoting interventions for women and children include prenatal and obstetrical care [7] , family planning [8] , the federal Women Infants and Children (WIC) Supplementary Nutrition Program [5, 6] , and Medicaid's Early and Periodic Screening, Diagnosis, and Treatment (EPSDT) [9] . Local health departments (LHD) have been major providers of these basic, preventive maternal and child health (MCH) services to vulnerable populations [10] .
The National Association of County and City Health Officials (NACCHO) has articulated the role of a ''functional LHD'' and states that ''everyone, no matter where they live, should reasonably expect'' the LHD in their jurisdiction to be addressing health disparities among other functions [11] . The activities that LHDs undertake to improve health in their communities and address these disparities, however, have been changing dramatically in recent decades due to trends toward more populationfocused services, budget cuts, and the growth of alternative service providers [8, [12] [13] [14] . The long-held tradition of LHDs providing MCH services has been one of those areas that has undergone some of the most dramatic change [12] .
While LHDs vary in the services they provide and how they are organized, over half of the nation's LHDs provide certain MCH-related services such as immunizations, WIC, and family planning [15] . Other services, such as obstetrical and prenatal care, were provided directly by only 16 and 42% of LHDs, respectively, in 2005, with these percentages decreasing in 2008 [15] . These NACCHO reports suggest there are major differences in emphasis of MCH service provision across agencies and jurisdictions. Existing local variation in service delivery may be exacerbated by national public health practice shifts away from individually-oriented direct services (such as prenatal care) and toward more population-focused activities (such as community assessment, epidemiology and surveillance) [12, 16, 17] .
In light of dramatic budget cuts currently being made by LHDs, it is particularly important to understand the nature of the MCH services provided by LHDs and which ones favorably impact population health and disparities [18] . MCH services are among the LHD service areas receiving some of the biggest cuts in capacity and activity [12] . As LHD leaders make difficult program decisions during this financial crisis, even as disparities continue and increase on some MCH-related indicators [2, 19, 20] , they struggle to develop and make use of evidence in support of what specific practices do and do not impact the health of vulnerable populations in their communities and for what cost [21, 22] . LHD leaders and policy makers need evidence for decision-making about what types of agencies and providers should perform certain preventive services-particularly those provided at the more intensive, individual level such as family planning and prenatal care-and what mechanisms related to specific systems and approaches to service provision drive population health improvements and the elimination of disparities.
In a related study to the one reported here, our research team examined the relationship of 11 different domains of LHD practice (e.g. environmental health, MCH, epidemiology and surveillance) and the relationship of these program domains to changes in Black-White mortality disparities over time [23] . Findings indicate that the breadth of MCH services provided directly by LHDs had a significant relationship to reductions in the Black-White mortality gap from 1993 to 2005 [23] . Given these findings, we then investigated, in this study, the individual MCH services provided by LHDs to identify specific MCH practices associated with reductions in this mortality disparity ''gap.''
Methods
We compiled a linked data set of national, county-level data to identify which MCH services delivered by LHDs were related to reduced mortality rates for Black and for White residents, respectively, and which MCH services appeared to mitigate health disparities by reducing 1993-2005 differences in Black-White mortality rates. [24] . This ''difference in the annual differences'' was used by the research team in a previous study [24] Control measures included selected community characteristics based on county-level socio-demographics that have been found to be related to health outcomes and differential risk [10, [25] [26] [27] , general local health resources per capita that may be affecting local health outcomes and the services that LHDs chose to provide [28, 29] , and basic LHD characteristics that have been shown to relate to LHD performance and the mix of provided services [30] [31] [32] . A similar set of covariates, including the socioeconomic disadvantage index (SDI) developed by Robert and Reither [26] , were used in our previous study of 11 LHD service domains [23] . Robert and Reither's SDI measured ''community disadvantage'' by summing county-level variables from the US census that represent percent of households on public assistance, percent of families below the local median family income, and percent unemployment. Except for variables specific to geography (i.e. rural/urban classification, federal region), our regression model used largely time-variant control variables, measuring change in these variables over two time points in time, 1990 and 2005. We included the following covariates in every regression model: change in each of percent foreign born residents, percent Black residents, percent residents with high school diploma, SDI, nurses and physicians per capita, LHD full time employees, existence of a LHD Board of Health, and whether or not the LHD lead executive was a clinician.
Sample
Our national dataset of 558 ''common local areas'' represented mostly (82.4%, n = 460) county jurisdictions with local-level data and an LHD serving a county-wide jurisdiction. Other ''areas'' contained data with multiple municipal LHDs aggregated to the county level (11.5%, n = 64 areas) and multi-county LHD jurisdictions (4.8%, n = 27) with data linked at the multi-county level. A few LHD cases (1.3%, n = 7) were combined into small regions and aggregated to the county or multi-county level, when LHDs did not fit standard county or municipal designations [23] . Since the focus of our study is on reductions in the Black-White disparity gap, we limited our sample to those ''areas'' with statistically measurable Black mortality that was greater than the measurable White mortality in 1993 or 2005. The few jurisdictions in which Black mortality was less than White mortality were, therefore, excluded.
Analysis
To compare our sample with the nation as a whole, descriptive statistics were calculated along with examining the distribution of the specific MCH services among LHD areas. We examined the change in the provision of each MCH service across LHDs by computing whether each MCH service was ''discontinued''-conducted in 1993 but To examine the relationship between individual MCH services provided by LHDs and changes in mortality and disparities, we estimated separate linear regression models that defined each MCH service as a binary variable of a service ever or never provided in 1993 or 2005. Since the five binary MCH service variables ultimately included in the model were all significantly (and positively) correlated with each other (with coefficients ranging from 0.271 to 0.606), we estimated models for each MCH service separately rather than reduce power and interpretability by modeling the service items together. We used robust standard errors to adjust for within state clustering of LHDs. Table 1 displays the characteristics of our sample, which over-represented urban areas and regions in the southern US. The socio-demographics of these areas were similar at baseline to counties across the nation as a whole, but had a higher proportion of Black residents and a slightly higher overall percentage of foreign born residents and of people on public assistance. Our sample also had a higher density of nurses and general practice physicians than the nation as a whole. The LHDs in the sample were less likely to have a physician as lead executive by 2005 than they were in 1993, and they were likely to be governed by a local Board of Health (BOH) in both years.
Results
Overall mortality rates for our sample were consistently higher for Black residents than for White residents among all-ages, females, aged 15-44 residents, and infants (Table 2) . Mortality rates, as well as the gap in BlackWhite mortality rates, declined from 1993 to 2005.
When change in the provision of MCH services was examined, immunization services remained largely unchanged and were provided by nearly 100% of the LHDs in the sample (Fig. 1) . Obstetrical care was by far the activity most likely to no longer be provided in 2005-both through discontinuation and with no service provided in both of years 1993 and 2005. The provision of family planning (76% of area cases in the sample, n = 425) and WIC (81% of cases, n = 451) remained relatively stable across in 1993-2005, while 33% (185 cases) discontinued prenatal care and 29% (163 cases) discontinued obstetrical care.
Significant relationships existed between the maintenance of the provision of FP (43.78, P \ 0.001), WIC (13.49, P \ 0.001), immunizations (6.28, P \ 0.05), and EPSDT (11.61, P \ 0.001) and jurisdiction size (urban, large town, or small town/rural). FP, WIC, and immunizations were significantly more likely to have been provided in both survey years in smaller jurisdictions. EPSDT was more likely to have been provided in both years in larger jurisdictions. We also found significant relationships between some of our socio-economic variables and the maintenance of these MCH services over time. Greater1990 community socioeconomic disadvantage (SDI) and higher percentages of Black residents in a county were significantly (all at P \ 0.01) related to LHDs having maintained Medical Doctors (MD) represents general and medical specialty physicians per 100,000 population Nurses represents Registered Nurses per 100,000 population family planning, WIC, and EPSDT services in a jurisdiction, with coefficients ranging from 0.200 to 0.315. Linear regression models indicated that the provision of certain MCH services were associated significantly with changes in mortality rates and in reductions in the Black-White mortality gap ( Table 3 ). LHDs that had ever provided prenatal care (-78.23, P \ 0.10) were related significantly with a greater decline in all-age/gender Black mortality rates. LHDs that had ever provided family planning (-43.95, P \ 0.10) and/or WIC (-47.48, P \ 0.10) were associated with reductions in female Black mortality rates. No significant relationships were found with Black mortality rates for the age 15-44 group and for infants.
For White populations, greater declines in mortality rates were found to be significantly associated with family planning, WIC, and obstetrical care. These significant associations were found for White mortality rates in the 15-44 year old age group, in terms of family planning; and for White females, in terms of WIC, and obstetrical care. The only apparent significant relationship with infant mortality rates existed between prenatal care (73.08, P \ 0.05) and an increase in White infant mortality.
Prenatal care (-102.25, P \ 0.05) had a strong relationship with all-age/gender reductions in the Black-White gap, and family planning (-36.50, P \ 0.10) was also significantly associated with a decline in the Black-White gap for females. Conversely, obstetrical care (36.55, P \ 0.10) was associated unexpectedly with a widening gap for females. No significant relationships were apparent between maintaining the provision of EPSDT service delivery and any mortality changes in the sample.
Discussion
Family planning, prenatal care, and WIC appear to be those services most consistently related to favorable reductions in Black mortality and/or White mortality and, for family planning and prenatal care, favorable reductions in the Black-White mortality gap. For both family planning (for females) and prenatal care (for all-ages/genders), these favorable changes in the mortality gap appear driven by a significant decrease in Black mortality that is associated with these services and that was significantly different from the corresponding White mortality rates. At the same time, WIC is the one MCH service we examined that was significantly associated with decreases in Black and in White mortality rates for females, but these decreases did not narrow the Black-White mortality gap for females.
None of these MCH services appeared to favorably and significantly impact the Black-White infant mortality gap during the time period of this study, while for White infants there was an association with prenatal care and an increase in mortality. Orsi's [2] national study of 15 health indicators and change over time from 1990 to 2005, showed only modest improvement on many Black-White health disparity indicators during the period she studied. For infants, she found that both White residents and Black residents had an increase in rate of low birth weight. Our results regarding infants, therefore, could reflect a response by public health officials to initiate or maintain services in the presence of detected increases in negative health outcomes for infants.
Our findings reflect a more favorable impact on mortality disparities for adult populations and no significant favorable impact on mortality for infants. This finding may reflect MCH services provided for mothers and children well before the 1993 baseline year of our study, and the ability of these prevention-oriented services, focused toward populations at risk, to have a bigger impact on health and illness over the life course, than during the isolated period of infancy. This is supported by the proliferation of epigenetic studies linking high maternal stress, poor nutrition, and other preventable in utero risk factors with higher adult levels of cancer and chronic disease [33, 34] .
Our findings and related research indicate that preventive interventions such as prenatal care, family planning, and WIC can also produce differential effects on racial and ethnic populations in local areas. LHDs tend to provide particularly targeted ''safety net'' services [13] . The prenatal care and family planning services provided by the LHDs in our study were located in areas with high populations of African-American residents and where services may have been specifically focused on African-American residents and other populations at disproportionate risk for poor birth and long-term health outcomes. In counties depicted in our study, where populations were perhaps equally dependent on these services, but did not have these MCH services provided by the LHD in their jurisdiction in 1993 and/or 2005, mortality disparities were not similarly narrowed. The positive effect related to LHD-provided MCH services could be indicative of wider community support for comprehensive services to women and children that is met through other community services existing along side of those provided by some LHDs and representing a general protective effect of a community-wide investment in early childhood. As public health officials also have a role in monitoring health status within their communities, the community assessment function of LHDs and detection of specific MCH needs may also have resulted in broader community support among local providers [15] . The significant beneficial relationships between LHD delivery of family planning and prenatal care services and reductions in mortality disparities are also interesting given the increase in provision of these services from other community providers during some of the same years examined in this study. The number of federally qualified health centers (FQHC) grew by 60% (from 750 to 1,200) across the US between 2001 and 2007 [14] . These centers often provide prenatal care along with other primary care services and are typically stand-alone community-based health centers that are usually separate from LHDs. As FQHCs serve a ''safety net'' role in providing care for the underserved, they serve many women and children who may have otherwise been impacted by the discontinuation of an MCH service provided by an LHD. Also, during much of the time period of this study, there was dramatic change occurring in the distribution of publicly funded family planning services. Between 1994 and 2001 many LHDs remained the primary providers of family planning services but some discontinued the provision of these services in their communities as the numbers of community health centers and other agencies providing publicly funded family planning services grew by as much as 16% [8] . The growth of these alternate care providers during this time period likely helped to maintain (and perhaps grow) the level of family planning and related services in communities, perhaps contributing to the significant association that family planning services had with reducing mortality disparities. In any case, the apparent relationships between family planning and prenatal care services and reductions in Black mortality and Black-White mortality disparities suggest the importance of maintaining (and, indeed, consider expanding) these services in communities with high populations of African-American residents-perhaps regardless of the type of publicly funded community agency providing the service.
Our finding that the provision of EPSDT services has no relationship to mortality change is supported by a similar finding related to other screening services focused on secondary prevention and delivered by LHDs [23] . EPSDT, a Medicaid service established by the federal government in 1967, is predominately a screening activity provided by many LHDs in which assurance of regular screening for health and developmental issues among children and appropriate referrals are made, as needed [9] . The focus on secondary prevention via these screening services may provide a less direct and detectable effect in relation to reducing mortality or the mortality gap.
LHD involvement in obstetrical care had no apparent relationship to mortality change for Black residents and was the only service associated with an increase in the Black-White mortality gap (females). These services, however, are also less comprehensive and preventionfocused than prenatal care, family planning, and WIC which indicated high positive effects in our study.
While changes over time in the number of county-wide per capita physicians and nurses was controlled for in this study, our investigation is limited by the focus on services provided by LHDs only and not other MCH services provided in a community. Our study is also limited by the services depicted in the 1993 and 2005 NACCHO Profile data as representing little more than availability of a service and providing no information about service volume, quality, or reach or information about regarding additional services such as MCH home visiting. The two points in time (1993 and 2005) with comparable MCH service items, lends strength to our findings, but precludes causal inferences about the outcomes of specific services, since reverse or reciprocal effects may be present. The finding of race-specific differences in outcomes also suggests that other complex factors, not fully controlled for in this study, interact with mortality change differently for African-American and for White residents in a county. Contributing factors, such as racism and segregation, that differentially impact Black mortality changes and birth outcomes likely played a part in mortality differences and, while we control for some features of the local area that may be associated with such unmeasured detrimental health factors, we were not able to fully control for such factors in the models examined [20] .
Further research is needed with richer data and a longer time trajectory that can be used to compare the outcomes of the delivery of MCH services by a variety of public and private service providers, with data detailing variation in reach, quality, and approach to service delivery. Research is also needed to explicate the mechanisms that are seemingly at work in those MCH services and/or community-wide approaches that are most effective in reducing mortality disparities.
Conclusions/Implications
LHD delivery of family planning and prenatal care by LHDs appears related to reductions in Black-White mortality disparities. The focusing of these services on specific populations of need and through ongoing assessment and comprehensive community services may, at least in part, be the mechanisms that underlie these disparity reductions. Targeted MCH programs are needed that specifically focus on Black mortality rates and that can assure a reduction in disparities and not just overall mortality [35, 36] .
Implications of this study suggest the importance of certain MCH services for reducing Black-White mortality disparities. As particularly significant cuts are being made to MCH programs and service delivery by LHDs [12] , our findings underscore the need for research with a long-term trajectory to effectively measure more specific outcomes of these services and to determine what mechanisms in the provision of these MCH services provided by LHDs are the elements that appear to have the greatest relationship to disparities. In addition, more detailed information regarding the provision of service, besides presence or absence, will help further understand the relation of these mechanisms to desired outcomes. Sweeping changes to MCH services that impact these services without preserving or transitioning these seemingly important elements of service could further negatively impact disparities.
